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(54) Apparatus and method for automatically adjusting optical axis of vehicle headlights 



(57) In a headlight optical axis adjusting apparatus 
and method for a vehicle, the shape of a road in front of 
the vehicle is detected by a CCD camera (19) based on 
a change in lane marking line (100L, 100R) which indi- 
cates the lane width on the road, before the steering an- 
gle of a vehicle steering wheel (15) is detected by a 
steering angle sensor (16). Left and right swivel lights 
(1 1 L and 1 1 R) of the vehicle are swiveied and adjusted 
based on the change in the lane marking line or the 
steering angle. The optical axis of the left or right swivel 
light (11 L or 11-R) is first swiveied and adjusted based 
on the change in the lane marking line. The driver's for- 
ward visibility can thus be improved before the driver 
turns the steering wheel (1 5). 
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Description 

[0001] The present invention relates to an automatic 
vehicle headlight optical axis adjusting apparatus and 
method for automatically adjusting the illumination area 
and optical axis of left and right front illumination of 
headlights provided in a vehicle in conjunction with the 
steering angle of a steering wheel. 
[0002] It is proposed to control the left and right swivel 
of the optical axis of headlights in conjunction with the 
steering angle of a steering wheel of a vehicle, thereby 
automatically adjusting the optical axis of the vehicle 
headlights. 

[0003] When the road in front in the direction of travel 
curves to the right with a large radius of curvature and 
the vehicle is just about to enter the curve as shown in 
Fig. 8, the inside of the curve (right side in Fig. 8) is out- 
side an illumination area (low beam illumination area) 
RHA of a right headlight, a main headlight, and is not 
illuminated. To improve visibility in front of the vehicle, 
it is therefore desirable to swivel a right swivel light used 
as an auxiliary headlight so that the inside of the curve 
is within the area RSA illuminated by the right swivel 
light. However, this swivel illumination should be provid- 
ed before the steering angle of the steering wheel is 
changed. It is therefore not possible to control the swivel 
of the illumination. 

[0004] It is also proposed to detect road curvature, 
etc. from lane markings on the road surface in front of 
the vehicle in the direction of travel and to control right 
and left swiveling of the optical axis of the headlights. 
[0005] However, when the desired swivel angle for 
swivel control is calculated according to the detected 
lane markings, etc., erroneous results can occur de- 
pending upon, for example, the position of the vehicle 
relative to the road or lane width, or the road shape. 
[0006] Various situations are shown in Figs. 9A and 
9B. Fig. 9A shows a right curve in the road to the front 
in the direction of travel with swivel angle 6a based on 
the white edge line of the right curve, and Fig. 9B shows 
a straight road in front in the direction of travel with swiv- 
el angle 6b based on the white edge line of this straight 
road. 

[0007] As shown in Fig. 9A, when the road in front of 
the vehicle curves to the right, swivel angle Ga calculat- 
ed based on the right white edge line existing a specific 
distance D from the vehicle takes the right curve of the 
road into account. On the other hand, as shown in Fig. 
9B, when the vehicle is on the left side of the lane, angle 
6b calculated from a right edge line existing the specific 
distance D from the vehicle is substantially the same as 
when the road curves right even though the road in front 
of the vehicje is straight with the same lane width as the 
curved road in Fig. 9A. 

[0008] Front visibility can be improved more naturally 
for the driver by swiveling the optical axis of the head- 
lights when the road in front in the direction of travel 
curves, and not swiveling the optical axis of the head- 



lights when the road is straight. However, because it is 
not possible to recognize whether the road curves or is 
straight, the headlight erroneously swivels the same an- 
gle. 

s [0009] It is an object of the present invention to pro- 
vide an apparatus and method for automatically adjust- 
ing an optical axis of vehicle headlights by detecting the 
curvature of the road etc. in front of the vehicle with good 
precision based on change in the white edge line, etc. 

10 as lane markings while the vehicle is moving, lane mark- 
ings on the road indicating lane width, to adjustably 
swivel the optical axis of a vehicle headlight. 
[0010] According to the present invention, a road in 
front is detected as curving based on change in position 

15 information at at least two different distances on lane 
markings indicating lane width on a road surface in front 
of a vehicle before a steering angle of a steering wheel 
of the vehicle is detected. The optical axis of a vehicle 
headlight is adjusted to swivel. The optical axis of the 

20 headlight is first swiveled and adjusted in advance. As 
a result, if the road in front is detected to curve before a 
driver turns the steering wheel, the driver's forward vis- 
ibility can be improved by first swiveling and adjusting 
the optical axis of the headlight. 

25 [001 1] The above and other objects, features and ad- 
vantages of the present invention will become more ap- 
parent from the following detailed description made with 
reference to the accompanying drawings. In the draw- 
ings: 

30 

Fig. 1 is a schematic view showing an apparatus for 
automatically adjusting an optical axis of vehicle 
headlights according to a preferred embodiment of 
the present invention; 
35 Fig. 2 is a diagrammatic vies showing illumination 
areas of headlights and swivel lights in the preferred 
embodiment; 

Fig. 3 is a diagrammatic view showing a method of 
detecting the shape of a road in front in the preferred 
^0 embodiment; 

Fig. 4 is a diagrammatic view showing a method of 
detecting the shape of a road in front in the preferred 
embodiment when a vehicle approaches close to a 
curve; 

45 Fig. 5 is a diagrammatic view showing a method of 
detecting the shape of the road in front using a rec- 
ognition reliability of plural points set on a white line 
on the road in front in the preferred embodiment; 
Fig. 6 is a diagrammatic view showing a method of 

50 detecting the shape of the road in front in the pre- 
ferred embodiment; 

Figs. 7A and 7B are timing diagrams showing a de- 
sired swivel angle, for example, based on detection 
of the shape of the road in front in the preferred em- 
55 bodiment; 

Fig. 8 is a diagrammatic view showing a relationship 
between the shape of a road in front of a travelling 
vehicle, headlight illumination areas, and a swivel 
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light illumination area in the related art; and 
Figs. 9A and 9B are diagrammatic views showing a 
method of determining a desired swivel angle ac- 
cording to white lines, etc. on a road in front of a 
travelling vehicle from the shape of a road and a s 
relative position of the vehicle to the road. 

[001 2] Referring first to Fig. 1 , left and right headlights 
10L and 10R are disposed at the front of a vehicle as 
front headlights, and right swivel lights 1 1 L and 1 1 R are 
disposed separately. An electronic control unit (ECU) 20 
is a logic circuit comprising a CPU 21 as a central 
processing unit, ROM 22 for storing a control program 
and control data, RAM 23 for storing various data, back- 
up RAM 24, input/output circuit 25, and a bus line 26 for 
connecting these components. 

[0013] The output signal from a steering angle sensor 
1 6 for detecting the steering angle Gs of the steering 
wheel 15 is applied to the ECU 20. The output signal 
from a CCD camera 1 9 for detecting image of a forward 
view of the vehicle is applied to the ECU 20. Other sen- 
sor signals are also applied to the ECU 20. The output 
signal from the ECU 20 is input to actuators 12L and 
12R for the left and right swivel lights 11 L and 11 R of 
the vehicle so that the optical axis of the left and right 
swivel lights 11 L and 11 R is adjusted. 
[001 4] As shown in Fig. 2, it will be noted that the left 
headlight low beam illumination area LHA of headlight 
10L and the right headlight low beam illumination area 
RHA of headlight 1 0R are fixed side to side. The illumi- 
nation area LSA of swivel light 11 L is adjustable within 
the swivel control range according to the steering wheel 
15 turning to the left from the neutral position. The illu- 
mination area RSA of swivel light 1 1 R is adjustable with- 
in the swivel control range according to the steering 
wheel 15 turning to the right from the neutral position. 
[0015] It is assumed that, as shown in Fig. 3, white 
lines 1 00L and 1 00R applied to a road surface as a lane 
marker indicating the lane width turns to the right in front 
of the vehicle. Two points P11, P21 on the left white line 
100L and two points P12, P22 on the right white line 
100R are detected as position information at two differ- 
ent distances D1 and 02 on the road surface in front of 
the vehicle by the CCD camera 19 using image recog- 
nition technology. The distance HL in the direction per- 
pendicular to the direction of vehicle travel between the 
two points P1 1 , P21 on the left white line 1 00L, and dis- 
tance HR between the two points P12, P22 on the right 
white line 100L are then calculated. A curve to the right 
is detected when the distance HL or distance HR that is 
a difference in positions of two points on the same white 
line is greater than a predetermined threshold value. 
[0016] The ECU 20 calculates a desired swivel angle 
for swiveling the optical axis of swivel light 1 1 R to the 
right based on these distances HL and HR. Using the 
desired swivel angle thus calculated, the optical axis of 
the left and right swivel. lights 1 1 L and 1 1 R can be accu- 
rately swiveled according to the shape of the road in 



front regardless of where the vehicle is in relation to the 
lane width before the ECU 20 detects a change in steer- 
ing angle 6s of the steering wheel 15. 
[0017] Displacement of the white line recognition po- 
sitions increases in the direction perpendicular to the di- 
rection of travel as the vehicle approaches a curve, and 
will leave the illumination area of the left and right head- 
lights 10L and 10R. It is therefore possible to detect the 
shape of the road to the front when the vehicle is a cer- 
tain distance from the curve. However, as the vehicle 
approaches the entrance of the curve, it conversely be- 
comes not possible to detect the shape of the road to 
the front. 

[0018] This can be resolved by adjusting the optical 
axis orientation S1 of the right swivel light 1 1 R by swivel 
control angle G1 to axis orientation S2 using the swivel 
function so that the extreme right position P22 on the 
white line can be continually illuminated as shown in Fig. 
4. 

[0019] As shown in Fig. 5, recognition reliability at plu- 
ral points on left and right white lines 100L and 100R 
perpendicular to the direction of vehicle travel at plural 
different distances on the road in front of the vehicle is 
also determined from, for example, the contrast to the 
road surface (background). Those points for which rec- 
ognition reliability is greater than a specific level (shown 
as white dots in Fig. 5) are then determined to be accu- 
rately detected, and the desired swivel angle for 
swiveling the optical axis of the swivel light 11 R to the 
right is calculated based on distances HL and HR using 
the plural points including the farthest points as de- 
scribed above. 

[0020] It should be noted that the left or right side 
white line 100L, 100R may not be present or may dis- 
appear on actual roads. In this case road curvature can 
be detected based on the direction of the line between 
the near and far points used to calculate distance HL or 
distance HR when either distance HL or HR exceeds 
the specific threshold value. For an even more accurate 
evaluation, a road curve can be detected when both dis- 
tances HL and HR exceed a specific threshold value. 
[0021] Alternatively, as shown in Fig. 6, three points 
P12, P22, P32 at three different distances D1 , D2 and 
D3 on the road surface in front of the vehicle on the right 
white line 100R in the direction perpendicular to the di- 
rection of vehicle travel may be detected as position in- 
formation by the CCD camera 19 using image recogni- 
tion technology. In this instance, distance HR1 between 
two points P1 2 and P22 on the right side white line 1 00R 
and distance HR2 between two points P22 and P32 on 
the right side white line 100R are then calculated. A 
curve to the right can be detected when distance HR1 
or distance HR2 is greater than a predetermined thresh- 
old value. The desired swivel angle for swiveling the op- 
tical axis of the swivel light 11 R to the right can then be 
calculated based on distances HR1 and .HR2. It is also 
possible to detect curving of the road based on a differ- 
ence between the distances HR1 and HR2. 
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[0022] As described above, when the shape of the 
road in front of the vehicle can be recognized based on 
the displacement of position information on white lines 
100R and 100L indicating the lane width, linking road 
detection to the white lines 100R and 100L is effective 
because swivel control can be achieved before the 
steering angle 9s changes due to actual turning of the 
steering wheel 15. Depending upon the reliability of 
white line recognition, however, control tends to become 
unstable particularly when a vehicle is cornering. Yet fur- 
ther, linking swivel control to the steering angle 6s of the 
steering wheel 1 5 when cornering is preferable to linking 
control to the white lines 100R and 100L because it 
matches fee! of a driver. 

[0023] Swivel control in this case is described next 
with reference to Figs. 7 A and 7B. Fig. 7A shows the 
desired swivel angle calculated by detecting the road 
shape in front according to the present invention. Fig. 
7B shows another desired swivel angle for comparison. 
[0024] As shown by the fine solid line in Fig. 7A and 
Fig. 7B, swivel control for adjusting the optical axis ori- 
entation of the left and right swivel lights 11 L and 11 R 
at the beginning of a curve is responsive to the white 
line 100L, 100R because tracking the white line 
achieves a good swivel angle. If steering angle tracking 
then begins based on the steering angle 6s of the steer- 
ing wheel 15 when the vehicle enters the curve, the 
swivel angle responsive to the steering angle Gs is ob- 
tained as shown by the dotted line in Fig. 7A and Fig. 7B. 
[0025] If at this time the desired swivel angle indicated 
by the bold solid line in Fig. 7B shifts immediately to the 
swivel angle responsive to the steering angle Gs from 
steering angle tracking as indicated by the dotted line in 
Fig. 7B, swivel control returns to the neutral position 
once and then follows the steering angle. A discontinuity 
in swivel control thus occurs and swivel control does not 
match feel of the driver. 

[0026] To eliminate this discontinuity, the desired 
swivel angle at the start of the curve is in advance set 
to the swivel angle determined by white line tracking as 
shown by the bold line in Fig. 7A. When the swivel angle 
responsive to the steering angle Gs from steering angle 
tracking exceeds the swivel angle determined by white 
line tracking, the desired swivel angle is switched to the 
swivel angle responsive to the steering angle 9s. Once 
the swivel angle responsive to the steering angle Gs ex- 
ceeds the swivel angle responsive to white line tracking, 
the desired swivel angle is determined by steering angle 
tracking. The desired swivel angle is thus stabilized, a 
stable desired swivel angle that match feel of the driver 
is the achieved, and the optical axis of the vehicle swivel 
light 11 R, 1 1 L is appropriately adjusted in according with 
the desired swivel angle. It should be noted that the de- 
sired swivel angle can be set to a greater swivel angle 
determined by either white line tracking or steering an- 
gle tracking. 

[0027] The present invention should not be limited to 
the above preferred embodiment, but may be modified 



in many other ways. 



Claims 

5 

1 . An apparatus for automatically adjusting an optical 
axis of a vehicle headlight (11 L, 11R) comprising: 

a steering angle detecting means (16) for de- 
10 tecting a steering angle of a vehicle steering 

wheel (15); 

a forward information detecting means (1 9) for 
detecting a forward road shape based on dis- 
placement of position information at at least two 
15 different distances to a line marking (100L, 

100R) indicating lane width on a road surface 
in front of the vehicle; 

a swivel control means (20) for swiveling and 
adjusting an optical axis of the vehicle headlight 

20 (1 1 L, 1 1 R) right and left parallel to the read sur- 

face based on the steering angle detected by 
the steering angle detecting means (16); and 
an advance control means (20) for first swivel 
adjusting the optical axis of the headlight (11 L, 

25 11R) when the forward information detecting 

means (19) detects that the shape of the road 
in front curves before the steering angle detect- 
ing means (16) detects a steering angle. 

30 2. The apparatus as in claim 1 , wherein the advance 
swivel control means (20) takes priority over the 
swivel control means (20) in adjusting the optical 
axis of the headlight (11 L, 11 R) until an adjustment 
angle determined based on the steering angie ex- 

35 ceeds an adjustment angle calculated based on the 
forward information. 

3. A method of adjusting an optica! axis of a headlight 
of a vehicle comprising steps of: 

40 

detecting positions (P) of a lane marking line of 
a road existing two different distances (D) 
ahead of a vehicle and a steering angle of a 
steering wheel (15) by sensors (16, 19), re- 

45 spectively; 

determining whether the road is turning based 
on the detected positions (P); 
starting an optical axis control based on a de- 
termination result indicating turning of the road; 

so and 

switching the optical axis control based on the 
determination resultto another optical axis con- 
trol based on the detected steering angle. 

55 4. The method as in claim 3, wherein the determining 
step determines the turning of the road when a dif- 
ference between the detected positions of the lane 
marking line is greater than a predetermined thresh- 
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(54) Apparatus and method for automatically adjusting optical axis of vehicle headlights 



(57) In a headlight optical axis adjusting apparatus 
and method for a vehicle, the shape of a road in front of 
the vehicle is detected by a CCD camera (19) based on 
a change in lane marking line (100L, 100R) which indi- 
cates the lane width on the road, before the steering an- 
gle of a vehicle steering wheel (15) is detected by a 
steering angle sensor (16). Left and right swivel lights 
(1 1 L and 1 1 R) of the vehicle are swiveled and adjusted 
based on the change in the lane marking line or the 
steering angle. The optical axis of the left or right swivel 
light (11 L or 11 R) is first swiveled and adjusted based 
on the change in the lane marking line. The driver's for- 
ward visibility can thus be improved before the driver 
turns the steering wheel (15). 
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